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\  ABSTRACT 

V  1 

Tfte- method  af  cailrley  end  eewerlwf  for  Interpreting  Kossbauer 
spect}:n;as  areas  Is  reformulated  and  extended  to  more  general  line 
shapes »  ’Die  treatment  Is  Independent  of  source  line  shape  and  may 
applied  to  Eiixltiple  line  absorbers,  provided  that  the  contribu= 
tion  to  the  epsctrum  of  a  given  absorber  line  is  distincte 
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I,  IKTRODUCnoN 


In  Kossbauer  effect  experlaieots  it  is  frequently  of  interest  to 
dettiiiidna  absorption  cross  sections  or  relative  cross  sections,  riecause 
of  saturation  effects  these  quantities  are  not  projjortional  to  observed 
peak  heights  or  areas  except  in  the  limit  of  tkln  absorbers#  The  spectrum 
line  areas  are  of  partlcxiLar  interest  because  they  are  independent  of 
source  line  shape  and  instrumental  velocity  resolution  and  because  they 
saturate  leas  rapidly  with  increasing  absorber  thickness  than  do  the 
associated  heights. 

In  the  following  discussions  it  will  be  assuioed  that  irrelevant 
background  counting  rates  have  been  subti’acted,  so  that  the  corrected 
experimental  counting  rate  corresponds  to  game  rays  which  arise  from 
the  isomeric  transition  of  interest  and  pass  through  the  abaorber  befoi’e 
being  detected.  She  words  "absorber  line"  will  refer  to  the  energy  de¬ 
pendent  crose  section  for  absorption,  as  Ulstlnguished  from  the  experi¬ 
mentally  observed  spectrum  linec  Ihe  width  of  a  line  will  be  the  full 
width  at  }ialf  maximum,  irrespective  of  shape, 

Ilo  AN/UISIS" 

The  source  is  assumed  to  emit  radiation  from  the  transition  of 
Interest  into  the  solid  angle  suotended  by  the  detector  at  a  rate  S^, 
k  fraction  f  of  this  rate  results  frum  recoiiless  emissions,  and  is 
distributed  in  energy  according  to  the  function  whez'e 

fs(e)u£  ^ 

o 
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The  quaiitity  t  refers  to  the  radiation  w^dch  escapes  from  the  source; 
is  not  the  Laod^hiossbauer  factor  if  the  source  exhibits  resonant  self> 
absorption. 

In  the  absence  of  extranuclaar  effects,  the  absorber  nucleus  would 
have  an  energy  dependent  cross  section  for  resonant  absorption  given  by 

_ 


*  or 


X  a>(2r<>^v)  t  cr«»A3 

where  ^  is  the  reduced  wave  length  of  the  resonant  radiation,  1^  is  the 
excited  state  nuclear  spin,  I  le  the  ground  state  nuclear  spin,  a  is 

IS 

the  Internal  conversion  coefficient,  E  is  the  excited  state  energy,  and 
is  the  natural  level  width  of  the  excited  state.  When  internal 
fields  are  present  in  the  absorber,  the  absorption  line  may  split  into 
several  conponents.  In  addition,  temporal  or  sijatial  inhomogeiiettles 
of  the  internal  fields  may  cause  apparent  broadening  of  these  componestt 
lineso  The  effective  nuclear  resonant  cross  section  for  gamma  rays  of 
energy  E  would  then  be  given  by 


where 

c 

The  energy  dependent  part,  K(E),  is  rcgai*dod  as  being  oojaposed  of  q 
lines,  such  that 

A  »•' 

For  convenlsnce,  the  kj^(E)  are  normalized  to  a  maximum  value  of  unityo 


u 


Initially,  two  mathematically  amenable  expressions  for  k^(£)  will  be 
consideriKl.  For  the  Lorentelan  case  we  have  ^ 

Thle  would  be  applicable  in  the  absence  of  field  inhomogenelty  if  is 
t^en  to  be  equal  to  ‘Ihe  Gaussian  case,  which  might  be  applicable 

in  the  presence  of  extreme  field  inhomogeneity  is  given  by 

The  part  of  the  absorption  cross  section  associated  with  ith  line  is  then 


(TlCS)  ~  ^  ^ 

V/hen  the  source  gamma  ray  energy  is  augmented  by  an  amount^ (by 
Doppler  shift ),  photons  are  detected  at  a  rate  given  by 


Rce)  =  0-f)So  e‘'^'“+  pfSCe-eJe'  '  <? 

e 

where  Cgi’  is  the  average  atomic  cross  section  for  non>rs8onant  absorp¬ 
tion,  m  is  the  swface  density  ol  abcois  in  ths  absorber,  f  la  the 
absorber  recoilless  fraction,  and  w  is  the  surface  density  of  atoms 
capable  of  resonant  absorptlono  It  is  convenient  to  consider  the  nonnaL=> 
ized  counting  rate,  N(  ^  ),  which  is  unity  at  high  energy  ahlfto  N(£) 
is  given  by 


CO 


or  '***  -  fr(eJ  'f 


NCffJ  =  +  t  SCe-Oe 


.  crCe) 


where  the  narrowness  of  5(1)}  is  the  Justification  for  the  extension  of 
the  lower  Unit  to  -oo. 


The  area  of  the  nomalized  spectrum  ie  given  by 

00  Ip 

A  fv-  u(e’)]Je  -  Q<e(  J£^ce-ej£,-s 

-•p  _  ■ 


■=  -f  [lie  [i~  e' 
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an  expression  which  Is  independent  of  source  strength  and  line  shape, 
electronic  absorption,  detector  efriclency  and  solid  angle,  and  instru^ 
mental  velocity  resolutlono  The  normalized  spectrum  area.  A,  has  the 
dimensions  of  energy.  Fig.  1  shows  a  typical  spectrum  and  Illustrates 
the  quantities  used  here.  Ihe  part  of  A  which  is  attributable  to 
the  ith  absorption  line  is  obtained  by  replacing  o(k)  with  o^(B)o 
It b.  ^ 

-f  f  :*£('-«■  ^ 

where 

r  o:-  n.  W 


The  quantity  t^  is  the  absorber  thickness  in  natural  units  for  the 
peak  of  the  1th  absorption  line.  The  exponential  in  the  expression  may 
be  expanded  in  a  power  series  and,  for  lawm  1^(k),  the  integration  may 
be  performeda  For  the  cases  considered  we  have 

P9 


(2a)  Aj  --f  ^ 


C-of*‘ 


tf 

.00 


(2b) 


(2c) 


V— '  *  ♦!  f* 

"  f  Q.  i  ^  ^  I  ^  a  (Gaussian) 


The  saturation  functions  L(t^)  and  C(t^)  are  listed  In  table  I  and 
plotted  in  figure  2.  Notice  that  both  have  been  defined  so  as  to  have 


is 


unit  slope  at  zero  thickneeso  The  Lorentzian  saturates  lese  rapidly 
than  the  Gaussian  because  its  broad  wings  account  for  a  larger  fraction 
of  its  area.  The  shape  of  a  real  absorption  line  will  result  froni  the 
folding  of  the  mean  life  dependent  lorentzian  into  a  function  which 
results  from  extra^nuclear  (and  usually  statistical)  processeso — IlLjtbe 
latter  function  is  Gaussian,  the  net  profile  will  have  a  saturation 
characteristic  which  lies  somewhere  between  and  In  order 

to  illustrate  this,  the  case  in  which  insults  from  the  foldii^g  of 

&  Lorentzian  of  width  P  into  a  Gaussian  of  width  i  P  has  been  calculated 
for  ^  equal  to  le  2  and  4o  lixpression  (2a)  becomes 

A,  -r  f  r'q 


where 


-  1<.795,  2„226,  3<.219,  5o306}  S'  ■=  k,  1,  2^  4c 

i 

Note  that  P  in  the  expression  above  is  the  width  of  the  Lorentzian 
component  of  the  absorber  linoo  The  total  vddths  are  larger  by  a  factor 
of  lo216,  I0638,  2»587,  and  4o560,  for  S'  equal  to  1,  2,  and  4 
respectively.  The  saturation  functions  (t^)  are  li,stef.t  in  Table  I  and 
plotted  in  figure  2,  They  are  defined  so  as  to  have  unit  initial  slopi^o 
fjocause  the  situation  described  in  the  paragraph  above  is  a  fairly 
conanon  one,  (t^)#  the  width  of  the  observed  spectrum  line  has  been 
calculated.  The  calculation  assumes  no  resonant  absorption  in  the  source 
and  a  Lorentzian  emission  line  of  width  (ice.  the  same  width  as  the 
Lorentzian  oonponent  of  the  absorption  line).  The  curves  shown 
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In  1‘lguro  3>  t'or  the  case  of  an  abaorber  with  natural  line  shape,  see  the 

2 

XoMQst  curve  of  figure  3  of  the  paper  of  XlarguUes  and  Ehnnen  . 

III.  SOJif  APPLICATlOhb 

A  c<SKnDn  situation  to  which  (2a)  is  applicable  is  the  following:  The 

absoi'ption  spectrum  contains  well  resolved  lines  as  a  result  of  magnetic 

\ 

dipole  or  electric  quadrupole  interaction  and  it  is  desired  to  determine 
the  relative  integrated  cross  scctiona.  Considering  only  two  absorption 
lines  for  siiopllcity,  and  assximlng  Lorenteian  shape,  the  desired  quantity 
is  /  Pj  'I'h®  spectrum  area  is  proportional  to  b(t^),  where 

L(t^ )  is  always  less  than  t^^.  If  a  second  spectrum  is  determined  using  a 
sjiailar  absorber  p  times  as  thick  as  the  original  one,  the  ratio 

^  L(-t-i) 

flf  ^  UpU) 

is  detcrrainodo  This  uniquely  spaciflee  t^  and  L(t^).  Tho  fitting  may 
be  visualized  as  the  process  of  placing  on  the  InL(t^)  vs  In(t^)  curve 
a  chord  of  given  length  and  elopso  This  process  is  repeated  for  Uie  second 
line  and  the  desired  quantity  is  given  by 


Notice  that  the  right  hand  side  of  (3)  does  not  depend  explicitly  upon  f, 
or  fj  ,  but  it  doee  depend  upon  the  absorption  line  shape  which 


is  assmed^ 


8. 


Ab  a  cheek  on  the  aeavuDed  absorber  line  a  third  neasureneal 

nay  be  perfomted  with  a  sinilar  absorber  tiaes  as  thick  as^the  first* 
Two  chords  of  known  length  and  slope  with  a  ooenon  end  point  sttst  now 
be  fitted  to  the  In  L(t^)  vs  In  (t^)  enrvs*  This  will  hot  be  possible 
if  the  wrong  shape  has  been  assumed* 

The  use  of  (2)  to  determine  f  when  is  knmsn  and  vice  versa 
is  obvious  and  will  not  be  discussed* 
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Table  1 

Saturation  functions  relating  nonoalized  spectrum  area  to  absorber 
thickness  for  various  assiuaed  absoxiser  line  shapes. 
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Fig.  1 


Fig.  2, 


Fig.  3 


FIGUiUi:  CAHIUMi 


A  typical  experlnental  toaebouer  spactrun  aiuMing  relative 
transDisaion  aa  a  function  of  energy  shift  for  a  two  Una 
absorber  and  unsplit  source. 


Saturation  functloxis,  showing  the  dependence  of  normalised 
spectrum  line  area  upon  absorber  thickness  for  various  assutsed 
absorber  line  shapes.  Lorentsian,  Gaussian,  and  intexusdiate 
shapes  are  considered.  Thickness  is  measured  iA  natural  units, 
i.e.,  t  ■>  1  corresponds  to  one  absorption  Isngth  for  a 
monoenergetic  source  bean  on  resonance. 


V/idth  of  the  obearved  spectrum  line  as  a  function  of  absorber 
thickness.  The  emission  line  of  the  source  is  assumed  Lorent> 
alan  vdth  a  width  .  The  aasxansd  absorber  line  shapes  result 
from  the  folding  of  a  Lorentslan  of  width  with  a  Gaussian 

1,  2,  and  4  times  as  wida. 


ENERGY  SHIFT  (E) 


